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suitable time for egg-laying (Murchie et al., 1997) . As much as 82% of seed weight can be lost from D. brassicae infested pods (Williams, 2010) . The D. brassicae has three generations per year in Europe, two generations of D. brassicae can develop in winter oilseed rape (Kirch, 2006) . In Czech, pesticide manufacturers recommend applying insecticides at the brassica pod midge flying activity or according to the oilseed rape growth stages during the period from first petals visible ("yellow bud") (GS 59) to full flowering stage (GS 65) . Insecticide use against the brassica pod midge in the final stage of flowering (GS 67-68) shows significant yield increases. Researchers found that the best term of treatment pyrethroid Karate Zeon was at the final stage of flowering or according to catches in insect traps that signal the beginning of flight activity of the second generation. The damage done by the second generation seems to be very important economically (Pavela et al., 2007) . The study from Serbia showed that the incidence of brassica pod midge is still relatively low in this country. Brassica pod midge larvae were found in 0.95% of the pods in 2009, with 0.13 larvae per pod. In 2010, the pest was more numerous (0.61 larvae/pod) and its incidence was greater (4.7%) (Milovac et al., 2011) . The biological efficiency of botanical insecticide Nemm (azadirachtin) was compared with the efficiency of some synthetic insecticides (Pavela et al., 2009) . It was ascertained that botanical insecticide was very efficient in decreasing the number of damaged oilseed rape pods (ranging from 56.5 to 85.9% compared to untreated plants) and its efficiency was comparable with synthetic insecticides based on Chloronicotinyl (thiacloprid) and Neonicotinoid (acetamiprid). Biological insecticide efficiency was, in some years, even significantly higher compared to pyrethroid (lamda-cyhalothrin). The yield increase resulting from azadirachtin application ranged between 9.3 and 19.4% compared to the control (Pavela et al., 2009) . In recent years, increasing areas of oilseed rape in Lithuania, spread stems and pods damage pests. It seems that the influence of stem and pod pests' damage has changed significantly and probably crossed the economic threshold. The aim of our study was to present the data from the experiments on insecticides efficacy against pollen beetle (M. aeneus), cabbage stem weevil (C. pallidactylus) and pod pests (C. assimilis, D. brassicae) either their effect on the productivity of spring and winter oilseed rape.
Materials and methods
Ten field experiments were carried out from 2005 to 2009 at the Institute of Agriculture, Research Centre for Agriculture and Forestry (55° 24 33 N, 23° 52 00 E). Six field experiments were carried out in the spring oilseed rape and four experiments were performed in winter oilseed rape crops. Two commonly grown cultivars: spring oilseed rape cultivar Landmark and winter oilseed rape cultivar Libea were used in the experiments. The largest area is sown with these oilseed rape cultivars and the highest yields are produced in the central part of Lithuania. At the experimental site, the mean annual precipitation rate is about 700 mm and the mean daily temperature during the period of M. aeneus damage in May is 12.3°C, in June 15.6°C, and in July 17.7°C. The weather data are taken from the Dotnuva weather station, located at 1 km distance from the experimental fields. The winter and spring oilseed rape crops were cultivated according to the conventional technology. All of the experiment trials were carried out in a randomized complete block www.intechopen.com
The Effect of Insecticides on Pest Control and Productivity of Winter and Spring Oilseed Rape (Brassica napus L.) 347 design with four replicates. Each treatment plot size was 25 m 2 x 4 replicates. For assessing the winter and spring oilseed rape growth stages (GS), the scale described by Lancashire (Lancashire et al., 1991) was used. Insecticides of different chemical classes were used against pollen beetles (M. aeneus) taking into account the economic threshold of harmfulness (1-2 beetles per plant). Table 1 presents the characteristics of insecticides used in the experiments. The tested insecticides were applied due to the incidence of pollen beetle usually at inflorescence emergence stage in the experiments of winter and spring oilseed rape. All experiments had a control treatment with no insecticides. The insecticides were sprayed with a Hardi trial sprayer at 400 l ha -1 spray solution, boom length 2.5 m, nozzle type IDK120 01 and the spraying pressure 3.0 bars per nozzle.
Insecticide
Active In all trial plots, pollen beetle was counted 1, 4 and 7 days and in some cases 10 and 14 days after insecticide application. The assessments of pest abundance (counts of pollen beetles per plant) were done on ten successive plants in three chosen places per each plot. At fruit development stage (GS 71-73) samples of winter and spring oilseed rape pods were analyzed. At least 200 pods per each plot were examined for presence of larvae. The number of pods infested with cabbage seedpod weevil (C. obstrictus) larvae and those infested with brassica pod midge (D. brassicae) larvae were estimated, also larvae of cabbage seedpod weevil and brassica pod midge were counted and average number of larvae per assessed pod was estimated. Stem samples at fruit development stage (GS 73) were analyzed for the presence of cabbage stem weevil (C. pallidactylus) larvae damage and the number of larvae exit holes per stem. In each plot, twenty plants were selected at random. In the field, the plants were cut open in the stem area. The presence of larvae damage also and any exit holes were assessed. The winter and spring oilseed rape seed yield from each plot was harvested separately by a Winterstieger Classic harvester. Seed yield kg ha -1 was calculated and adjusted to 9% moisture content. Thousand seed weight (TSW) g was measured in the laboratory by a seed counter Contador and balance Explorer Ohaus.
The experimental data were analyzed separately for each year. Biological efficacy of insecticides against pollen beetle was calculated using Henderson-Tiltonʼs formula (Henderson and Tilton, 1955) . All data were analysed using an analysis of variance (ANOVA). The experimental data were log(X+1) or arcsin % X transformed before analysis. The least significant difference (LSD) was calculated for P≤0.05, P≤0.01 levels. Analysis of variance was performed using the programme Statistica, 5.5 version.
Results and discussion
3.1 The efficacy of insecticides in the control of pollen beetle in spring and winter oilseed rape M. aeneus was a very common and harmful pest in winter and spring rape crops every year. The date of arrival of first M. aeneus beetles to the rape field depended on the air temperature. The first beetles were usually detected in winter or spring rape crops at stem elongation stage (GS 30-39), but their amount reached spray threshold (1-2 beetles/plant) even later -at the inflorescence emergence growth stage (GS 50-53), except for 2008 when in spring oilseed rape their abundance reached threshold even earlier at the very end of stem elongation growth stage (GS 39) (Tables 2, 4). Pollen beetle was more abundant in spring rape and this is in agreement with the findings of other researchers (Alford et al., 2003) . Depending on the year, one or two spray applications of insecticides were used to control M. aeneus. All insecticides used in the trials were effective against M. aeneus and significantly reduced the amount of pollen beetle in sprayed plots, compared with the unsprayed control plots (Tables 2-6). Insecticides Proteus 110 OD (a.i. deltamethrin+thiacloprid 10+100 g l -1 ) 0.6 and 0.75 l ha -1 , Decis 50 EW (a.i. deltamethrin 50 g l -1 ) 0.125 and 0.15 l ha -1 and Fastac EC (a.i. alpha-cypermethrin 100 g l -1 ) 0.15 l ha -1 effectively controlled pollen beetle in spring oilseed rape for 10 days in 2005 (I spray application) and in 2006 (Table 2 ). Higher doses of Proteus and Decis were more effective, compared with lower doses of these insecticides; however the differences were not significant. There were no significant differences in the efficacy against pollen beetle of pyrethroids (deltamethrin and alphacypermethrin) and neonicotinoid thiacloprid in 2005 and 2006 cropping seasons. Similar results were obtained in 2007 and 2008 cropping seasons in spring and winter oilseed rape, where three dose rates of organophosphorus insecticide Pyrinex Supreme (a.i. beta-cyfluthrin+chlorpyrifos 12+250 g l -1 ) were included into the trial (Tables 3 and 4) . Efficacy of insecticide Pyrinex Supreme was compared with Buldock (a.i. beta-cyfluthrin 25 g l -1 ) and Proteus 110 OD EC (a.i. deltamethrin+thiacloprid 10+100 g l -1 ). The results show that all insecticides used in the trials were effective against M. aeneus and significantly reduced the amount of pollen beetle in sprayed plots, compared with unsprayed control plots 1-10 DAA. The differences between various insecticides and between their dose rates were not significant. The efficacy of three dose rates of the new insecticide Steward (a.i. indoxacarb 300 g l -1 ) from the chemical class of oxidiazines were tested in spring and winter oilseed rape crops in the 2008-2009 cropping seasons (Tables 5 and 6 ). The results show that all three doses of Steward were effective against pollen beetle in both spring and winter oilseed rape crops and significantly reduced the number of insects 1-7 DAA compared with the untreated plots. The efficacy of pyrethroid insecticide tau-fluvalinate (Mavrik) was on the same level as Steward. DAA -days after application; asterisks (*,**) denote significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were log(X+1) transformed before analysis, but non-transformed data are presented DAA -days after application; asterisks (*,**) denote significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were log(X+1) transformed before analysis, but non-transformed data are presented DAA -days after application; asterisks (*,**) denote significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were log(X+1) transformed before analysis, but non-transformed data are presented 3 DAA -days after application; asterisks (*,**) denote significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were log(X+1) transformed before analysis, but non-transformed data are presented DAA -days after application; asterisks (*,**) denote significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were log(X+1) transformed before analysis, but non-transformed data are presented 3.2 The effect of insecticides on the pod infestation by larvae of Ceutorhynchus obstrictus and Dasineura brassicae and on the number of stems damaged by C. pallidactylus larvae in spring and winter oilseed rape crops Little is known about the harmfullness of stem and pod pests in winter and spring rape, earlier it was published that Ceutorhynchus species were of minor importance in rape crops in Lithuania (Tamutis, 1997) . However, it seems that increasing production area of spring and winter oilseed rape has increased the incidence and severity of stem and pod pests in both crops. Our research evidenced that damage caused by larvae of C. pallidactylus was h i g h e r i n w i n t e r r a p e , c o m p a r e d w i t h s p r i n g r a p e . I t w a s e s t i m a t e d , t h a t d u r i n g experimental period, C. pallidactylus larvae damaged 18.3 -87.0% of winter rape and up to 32.5% of spring rape stems (Tables 7 -11 29.4 Asterisks (*,**) denote a significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were arcsin % X transformed before analysis, but nontransformed data are presented Table 7 . The effect of insecticides Proteus 110 OD (a.i. deltamethrin+thiacloprid 10+100 g l -1 ), Decis 50 EW (a.i. deltamethrin 50 g l -1 ) and Fastac EC (a.i. alpha-cypermethrin 100 g l -1 ) on the pod infestation by larvae of cabbage seedpod weevil (Ceutorhynchus obstrictus) and brassica pod midge (Dasineura brassicae ) and on the number of stems damaged by cabbage stem weevil (Ceutorhyncus pallidactylus) larvae in spring oilseed rape in 2005 and 2006. www.intechopen.com .0 Asterisks (*,**) denote a significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were arcsin % X transformed before analysis, but nontransformed data are presented Table 9 . The effect of insecticides Pyrinex Supreme (a.i. beta-cyfluthrin+chlorpyrifos 12+250 g l -1 ), Bulldock (a.i. beta-cyfluthrin 25 g l -1 ) and Proteus 110 OD (a.i. deltamethrin+thiacloprid 10+100 g l -1 ) on the pod infestation by larvae of cabbage seedpod weevil (Ceutorhynchus obstrictus) and brassica pod midge (Dasineura brassicae) and on the number of stems damaged by cabbage stem weevil (Ceutorhyncus pallidactylus) larvae in winter oilseed rape in 2007 and 2008.
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In the 2008 cropping season, in untreated plots of winter oilseed rape field we found 20.0 -35.0% of stems damaged by C. pallidactylus larvae (Tables 9 and 11 ) while in the field of spring oilseed rape such stems were not observed at all (Tables 8 and 10 ). The highest amount of damaged stems (87.0%) was estimated in winter rape during the 2009 cropping season. Pod pests -C. obstrictus and Dasineura brassicae were estimated to be of economic importance both in winter and spring oilseed rape. At the pod development stage (GS 73) C. obstrictus larvae were found in 6.3% of spring rape pods in untreated plots in the 2006 and 2009 cropping seasons (Tables 7 and 10 ) and the highest percentage of winter rape pods infested by this insect (5.5%) was observed in 2008 ( Table 9 ). The larvae of D. brassicae were detected in the assessed pods with a higher frequency, compared to the C. obstrictus. Therefore, during experimental period, there were found 7.5 -13.4% of winter rape and 1.8 -8.3% of spring rape pods with the presence of D. brassicae larvae inside the pods. The average number of larvae/pod in winter rape in untreated plots ranged from 0.54 to 1.5 and in spring rape from 0.2 to 2.3 larvae/assessed pod. The number of C. obstrictus larvae/pod in untreated control plots was much lower, compared to the abundance of D. brassicae larvae. In general, this is not very high infestation of pods, compared to the data obtained in Czech Republic, where up to 86.0% of pods were found infested with larvae of D. brassicae in the control plots (Pavela et al., 2007) . All tested insecticides, used for the control of M. aeneus, also decreased the number of pods infested by larvae of C. obstrictus and D. brassicae and the number of stems, damaged by C. pallidactylus, in some cases these decreases were essential. Insecticide application in spring oilseed rape significantly decreased the number of stems damaged by C. pallidactylus larvae, the reduction of damaged stems was 40.9 -46.8% during 2005 (two insecticide applications, at GS 50 and GS 57) and 36.2 -49.1% during the 2006 cropping season (insecticide application at GS 53) (Table 7) . However, the efficacy of insecticides on the control of C. obstrictus and D. brassicae varied during this experimental period. Insecticides essentially prevented pod infestation by C. obstrictus larvae and reduced the number of larvae/pod in 2006 and by D. brassicae larvae in 2005. Insecticides were not effective, when the infestation of pods was low in the control plots (in 2005 only 0.3% of C. obstrictus larvae-infested and in 2006 3.3% of D. brassicae larvae-infested pods). Obviously, the application time of insecticides was focused on the spray threshold of pollen beetle, while the best treatment time for the control of brassica pod midge is recorded to be later -at the flowering growth stage (GS 65-67) (Pavela et al., 2007) . Our results show that the efficacy of Proteus (neonicotinoid class) was on the same level as pyrethroids (Decis and Fastac) in 2005 and 2006. However, other researchers have reported that the application of neonicotinoid insecticides had exhibited the highest efficacy in the control of the brassica pod midge (Pavela et al., 2007) . The infestation of winter rape pods with larvae of C. obstrictus and D. brassicae in the control untreated plots during the 2007 and 2008 cropping seasons was much higher, compared with spring oilseed rape pods (Table 8 ). In spring oilseed rape, Pyrinex Supreme (a.i. betacyfluthrin+chlorpyrifos 12+250 g l -1 ), Bulldock 025 EC (a.i. beta-cyfluthrin 25 g l -1 ) and Proteus 110 OD (a.i. deltamethrin+thiacloprid 10+100 g l -1 ) used twice in 2007 against pollen beetle had no significant effect on the pod infestation with C. obstrictus and D. brassicae larvae. However, a single early application of insecticides in 2008 (GS 39) effectively prevented pod infestation. Insecticides had no effect on the number of damaged stems by C. pallidactylus larvae in spring oilseed rape in both cropping seasons. 6 Asterisks (*,**) denote a significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test; data were arcsin % X transformed before analysis, but nontransformed data are presented Table 10 . The effect of insecticides Steward EC (a.i. indoxacarb 300 g l -1 ) and Mavrik 2 F (a.i. tau-fluvalinate 240 g l -1 ) on the pod infestation with larvae of cabbage seedpod weevil (Ceutorhynchus obstrictus) and brassica pod midge (Dasineura brassicae ) and on the number of stems damaged by cabbage stem weevil (Ceutorhyncus pallidactylus) larvae in spring oilseed rape during the 2008 and 2009 cropping seasons.
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The Asterisks (*,**) denote significant difference at P≤0.05, P≤0.01 probability levels, respectively, using
Fisher's least significant difference test; data were arcsin % X transformed before analysis, but nontransformed data are presented Table 11 . The effect of insecticides Steward EC (a.i. indoxacarb 300 g l -1 ) and Mavrik 2 F (a.i. tau-fluvalinate 240 g l -1 ) on the pod infestation by larvae of cabbage seedpod weevil (Ceutorhynchus obstrictus) and brassica pod midge (Dasineura brassicae ) and on the number of stems damaged by cabbage stem weevil (Ceutorhyncus pallidactylus) larvae in winter oilseed rape during the 2008 and 2009 cropping seasons.
As it has been mentioned above, winter oilseed rape crop was more heavily infested with pod and stem pest larvae, compared with spring rape. The insecticides for M. aeneus control in winter rape in 2007 were used once (GS 55) and in 2008 twice (GS 50-51 and GS 53-55). All insecticides (Pyrinex Supreme (a.i. beta-cyfluthrin+chlorpyrifos 12+250 g l -1 ), Bulldock 025 EC (a.i. beta-cyfluthrin 25 g l -1 ) and Proteus 110 OD (a.i. deltamethrin+thiacloprid 10+100 g l -1 ) used at all dose rates effectively reduced pod infestation with larvae of C. obstrictus and D. brassicae, also the number of stems damaged by C. pallidactylus larvae (Table 9 ). Due to different insecticide application the number of pods infested with C. obstrictus larvae was reduced by 0 -100.0% and by 54. insecticides were more effective than endosulfan and methyl parathion at reducing adult numbers and preventing pod infestation by larvae (Buntin, 1999a) . Different dose rates of Steward showed very similar efficacy in controlling pod infestation with C. obstrictus and D. brassicae larvae. Usually optimal time for controlling of pod pests is during flowering (Buntin, 1999a) ; however our research evidenced that insecticide application against pollen beetle during inflorescence emergence growth stage also effectively prevented pod infestation with larvae of C. obstrictus and D. brassicae. Insecticide application at inflorescence emergence growth stage (GS 52-59) also reduced the number of stems damaged by C. pallidactylus larvae. The highest reduction (42.9 -57.1%) was obtained in the 2008 cropping season where the lower dose rates of Steward showed higher efficacy and this reduction was essential, compared with the untreated plots. In 2009, when winter rape stem infestation with this pest was very high, the number of infested stems in insecticide treated plots was reduced only by 12.6 -23.0%, however this reduction was essential in all cases. Despite the fact that insecticides were effective against C. pallidactylus, the number of damaged stems remained very high (67.0 -76.0%) in the insecticide treated plots in winter rape during the 2009 cropping season. It seems that the application of insecticides at GS 52-59 was not optimal for the effective control of C. pallidactylus.
3.3
The effect of insecticides on the productivity of spring and winter oilseed rape Insecticide treatment had a positive effect on the seed yield of spring and winter oilseed rape; however, only in some cases substantial seed yield increase resulting from insecticide application was obtained. It seems that the effect of different insecticides on the productivity of spring and winter oilseed rape was highly dependent on the year. Insecticide Proteus (a. .0 An asterisks (*,**) denotes a significant difference at P≤0.05, P≤0.01 probability levels, respectively, using Fisher's least significant difference test Table 13 . The effect of insecticides Pyrinex Supreme (a.i. beta-cyfluthrin+chlorpyrifos 12+250 g l -1 ), Bulldock (a.i. beta-cyfluthrin 25 g l -1 ) and Proteus 110 OD (a.i. deltamethrin+thiacloprid 10+100 g l -1 ) on the seed yield and thousand seed weight (TSW) of spring and winter oilseed rape in 2007 and 2008. The efficacy of insecticides Steward EC (a.i. indoxacarb 300 g l -1 ) and Mavrik 2 F (a.i. taufluvalinate 240 g l -1 ) tested in the 2008 and 2009 cropping seasons was lower and yield increases obtained in both spring and winter oilseed rape crops were not substantial, despite the fact that in some cases substantial increase in TSW was achieved (Table 14) . Our research support the findings that oilseed rape can tolerate pod infestations of < 26 % without measurable yield loss (Lerin, 1984; Buntin, 1999a) .
Conclusions
M. aeneus was a very common and devastating pest in winter and spring rape crops every year. The research findings of the investigation on the efficacy of insecticides belonging to the different chemical classes (pyrethroids, nenicotinoids, organophosphorus and oxidiazines) for pest control in spring and winter oilseed rape suggest that all insecticides tested gave good and similar control of M. aeneus. Depending on the year, one or two spray applications of insecticides were used to control pollen beetle. Our research evidenced that pod infestation by larvae of D. brassicae, also stem infestation by C. pallidactylus larvae were higher in winter oilseed rape, compared with spring rape. In general, the incidence of C. obstrictus infested pods was very similar in both crops, while it was variable among the crops within the same cropping season. The larvae of D. brassicae were found in the assessed pods at a higher frequency, compared with C. obstrictus. It was estimated that the highest pod infestation by C.obstrictus larvae reached 6.3% in spring rape and 5.5% in winter rape, the highest pod infestation by D. brassicae larvae reached 8.5% and 13.4%, respectively. The number of C. obstrictus larvae/pod in untreated control plots was much lower, compared with the abundance of D. brassicae larvae. C. pallidactylus larvae infested 18.3-87.0% of winter rape and 0-32.5% of spring rape stems. All tested insecticides, used for the control of M. aeneus, also decreased the number of pods infested by larvae of C. obstrictus and D. brassicae and decreased the number of stems, damaged by C. pallidactylus, in some cases these decreases were essential. The effect of different insecticides on the productivity of spring and winter oilseed rape highly depended on the cropping season and insecticide application did not always result in substantial yield increase.
